Introduction
A benzimidazole fungicide, benomyl (1), one of the best known synthetic and systemic fungicides, is believed to suppress the development of numerous species of fungi except Porosporae and Annellosporae (Ascomycetes), Oömycetes and other Phycomycetes by inhibiting cell division when it binds to ß-tubulin and thereby interfering with microtubular subunit assembly.
Interested in plant metabolites our preliminary experiments showed some interactions with xenobiotics. So we established a simple bioassay system to find agents in plant extracts antidoting against benomyl (1) . By this assay system, in combination with TLC plates developed with wild plant ex tracts, benomyl and the test fungus Cladosporium herbarum, compounds were detected exhibiting antidoting activity against benomyl (1 ) checking methanol extracts from 2 Sieb, et Zucc. (Polygonaceae) gave a spot on thin layer plates on which C. herbarum could grow even after the plates were treated with benomyl (1 ) in ex cess amounts of the minimum inhibitory dosage. Therefore, the further survey of benomyl antidotes was focused on Polygonaceae species.
As the first naturally occurring benomyl anti dotes, a-tocopherol (6 ) and emodin (7) were iso lated from P. sachalinense Fr. Schm. and chemically characterized [1] . The present study revealed the presence of three more antidoting compounds ( 8 -1 0 ) in Polygonaceae plants.
To examine the character of Polygonaceae benomyl antidotes, their activity was tested against some benzimidazole fungicides ( 2 -5 ) with C. her barum and against diethofencarb with a benomylresistant mutant of Neurospora crassa [2, 3] which showed clearly negatively correlated cross-resi stance to diethofencarb.
R esu lts and D iscussion

Preliminary screening test fo r benom yl antidotes
The following 22 plants (18 families) were collect ed, and their aerial parts were extracted to be ap plied to the benomyl antidote test as shown in the Experimental section. Out of 22 plants, a benomylantidotal substance was found only in Polygonum thunbergii (Polygonaceae). The following were assayed without exhibiting antidote activity: Borraginaceae, M yosotis sylvatica; Caryophyllaceae, Stel lar ia media; Chenopodiaceae, Spinacia oleracea; Compositae, Crysanthemum leucanthemum and Erygeron annuus; Cruciferae, Capselia bursa-pastoris; Equisetaceae, Equisetum arvense; Geraniaceae, Geranium sp.; Hippocastanaceae, Aesculus turbinata; Labiatae, Ajuga yezoensis and Lamium album; Liliaceae, Trillium kamtschaticum; Magnoliaceae, Liriodendron tulipifera; Osmundaceae, Osmundastrum cinnamomeum; Papaveraceae, Corydalis ambigua; Polypodiaceae, Onaclea sensibilis; Scrophulariaceae, Veronica aravensis and V. persica; Violaceae, Viola grypoceras; and Umbelliferae, Heracleum lanatum subsp. lanatum and Trilis japonica. An aliquot of the P. thunbergii ex tract equivalent to 125 mg of fresh plant was enough to express the antidotal activity on thin-layer plates.
Benom yl antidotes in Polygonaceae plants
Since we could find a benomyl-antidoting sub stance in P. thunbergii, the further survey of the active principles was focused upon Polygonaceae plants. Polygonaceae 
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16: diethofencarb gonaceae plants tested in the present study are list ed in Table I , which also show the presence of some benomyl antidotes more or less. Nothing was found in two cultivated species Fagopyrum esculentum and F. tataricum.
1. Two antidotes from P. sachalinense Fr. Schm.
As reported in our earlier paper, a preliminary account for isolation and identification of a-tocopherol (6 ) and emodin (7) has been presented else where [1 ].
Antidotes from P. lapathifolium L.
The lower running benomyl antidote PN-1 of P. lapathifolium L. subsp. nodosum (Table I) Possible structures for PN-1 was restricted to two a and b. The structure a was preferred to b for PN-1 on the basis of NOE experiments using the di-O-methyl derivative. As shown in Table II , irradia tion at 6 6.87 (2 H, singlet, aromatic) attributed to A-ring enhanced both OMe and olefinic protons. The result clearly ruled out the structure b for [5] and almost all of flavone C-7 are oxygenated, the A-ring proton should be attributed to H-6 or H-8 . Thus the second antidote from P. lapathifolium was identified to be 5-methoxy-6,7-methylenedioxyflavone (9), which has been isolated from Phy salis minima (Soranaceae) [7] .
Interestingly, this compound is a 5-O-methyl ether of cochliophilin A (11) which has been iso lated from the host plant spinach (Spinacia oleracea) as a potent attractant for zoospores of patho genic A phanom yces cochlioides [4].
Antidote from P. thunbergii
The structure of PT-1, an benomyl antidote from P. thunbergii was estimated to be dimethoxy-substituted symmetric p-benzoquinone because of its molecular formula C8H80 4 (HR-MS, M+ m /z 168.0405), UV Xm ax in methanol 277 nm and another weak band at ca. 380 nm, and !H NMR (OCH3 X 2 and =CH -X 2 , both singlets). The possibility of 2.5-dimethoxy-p-benzoquinone structure for PT-1 was discounted by the direct comparison with the isolate in mass and NMR spectroscopies. Thus PT-1 was deduced to be 2,6-dimethoxy-p-benzoquinone (10 
A ntidotal properties ofem odin
Direct TLC bioautography using thin-layer plates impregnated with benomyl revealed the presence of some benomyl antidotes in Polygonaceae plants. The active principles identified are a-tocopherol (6 ), emodin (7), 3,5-dihydroxy-4-methylstilbene (8 ), 5-methoxy-6,7-methylenedioxyflavone (9) and 2 .6 -dimethoxy-/?-benzoquinone (10) , which are all belonging to phenolics. It is possible that the mode of action of benomyl antidotes is closely related to that of benomyl which is believed to demonstrate the antifungal activity through its interaction with ß-tubulin. As a matter of fact, it is quite difficult to find any structural similarity in skeletons or func tional groups among benomyl antidotes to those of benomyl (1) or carbendazim (= MBC, 2), an active principle of benomyl [12] . However, Polygonaceae benomyl antidotes seem to possess some similari ties in part or gross structure to those of colchicine (12) To know more about the benomyl antidotes, the antidoting activity of emodin (7) were examined against other benzimidazole fungicides than Scheme 1. Synthetic route for 3,5-dihydroxy-4-methylstilbene.
benomyl. This test was carried out on agar plates containing fungal spores or mycelia and a fungicide in excess amounts of its minimum inhibitory con centration by using paper disks charged with an emodin solution. In this bioassay B otrytis cinerea and Aspergillus nidulans together with C. herb arum were used as test fungi mainly because of the differ ence in susceptibility to each fungicide. As shown in Table III (16) revealed that the ß-tubulin in a benzimidazole-resistant strain of Neurospora crassa F914 exhibited an affinity not to benzimidazoles but to diethofencarb (16) , whilst the ß-tubu lin in a N. crassa wild-type strain possessed an in versed affinity [3, 20] . Therefore, an experiment using two combination systems, (1 ) benzimidazoleresistant strain -diethofencarb (16) -em odin (7), and (2 ) benzimidazole-susceptible strain-car bendazim (2 ) -em odin was conducted to obtain data whether emodin could exhibit the antidotal activity in both systems.
The results are summarized in Table IV indicat ing that emodin (7) can also act as an antidote against diethofencarb (16) in a benzimidazoleresistant strain. These results (Tables III and IV) and 13C NMR spectra were determined in acetone-d6 or CDC13 (int. standard, TMS) at 500 and 125 MHz, respectively on a Bru ker AM 500. Mass and UV spectra were recorded on a JEOL DX500 and a Hitachi U-3210, respec tively.
Chemicals
Benomyl and diethofencarb were kindly supplied by Du Pont Japan Ltd. and Sumitomo Chemical Company Ltd., respectively. Carbendazim (MBC), thiabendazole (TBZ), thiophanate-methyl were commercially available. Nocodazole was prepared by the method of Raeymaekers et al. [24] . 
Fungi
Cladosporium herbarum AHU 9262 highly sus ceptible to benomyl and carbendazim (MBC) was used as a test fungus for detecting antidoting agents. Neurospora crassa wild-type susceptible to benzimidazole fungicides and N. crassa F 914 resistant to benzimidazoles but highly susceptible to diethofen carb were kindly supplied by Dr. M. Fujimura [2, 3] . Aspergillus nidulans and Botrytis cinerea were also used in the present study. Fungi were cultured in a PYG medium (3% glucose, 1% peptone and 0.1% yeast extract). The medium for TLC bioautography is found in ref. [25] .
Plant material
The plants used in the present study were collect ed in Sapporo, Northern Japan, randomly in the summer season and for the screening test, 1 0 g (fresh weight) of the aerial parts were dipped in 150 ml of MeOH for 3 -4 days. The extract was con centrated to dryness and the residue was partitioned between EtOAc and water. The EtOAc layer was concentrated to 2 ml.
To isolate the antidoting agents, Polygonum lapathifolium L. subsp. nodosum and P. thunbergii were collected in large amounts and extracted with MeOH. 
Bioassay o f benom yl (benzim idazole) antidotes
Physicochemical properties o f Poly gonaceae benom yl antidotes
1. The benomyl antidotes, a-tocopherol (6 ) and emodin (7) from Polygonum sachalinense Fr. Schm., isolation and their structure elucidation, have already been accounted in our previous paper [1] . CH3-C -4), 136.4 (C -l'), 127.2 (C-2' and 6 '), 129.5  (C-3' and 5'), 128.2 (C-4') .
Antidotes from
Methylation 210 (M+, 100), 179 (74), 151  (34), 91 (3 3 ).1H NMR 6 ™s (DMSO-d6): 7.18 (2H,  s, H-2 and 6 ), 3.85 (3H , s, COOCH3), 3.83 (6 H, s,  OCH3-3 and 5), 2.05 (3 H, s, CH3-4 15 (3 H, s, CH3-4) . The aldehyde 19 was coupled with diethyl benzylphosphonate prepared from benzyl bromide and triethyl phos phite as follows [28] .
To the mixture of NaOMe (120 mg) in 1.5 ml of dry DMF was added subsequently 579 mg of diethyl benzylphosphonate (20) and 200 mg of 19 dissolved in 2 ml of dry DMF with stirring at 0 °C under N2 gas. After 2 h stirring at room tempera ture, to the reaction mixture was added 6 (1 H, br. t, / = ca. 8 , H-4'), 7.13 (2 H, s, H-a and  ß), 6.78 (2 H, s, H-2 and 6 ), 3.86 ( 6 H, s, OCH3-3 and  5), 2.03 (3H , s, CH3-4) .
Finally, 21 (200 mg) was mixed with 1.0 g of pyri dine hydrochloride and heated at 190 °C for 90 min under N2 gas [28] . The reaction mixture diluted with 10 ml of 2 n HC1 was extracted with ether to give 180 mg of the crude material, which was purified by silica gel column chromatography eluting with CHC13 to afford 85 mg of pure 3 ,5 -dihydroxy-4-methylstilbene (8 ).
5-Methoxy-6,7-methylenedioxyflavone (9)
As shown in our previous paper [4] , cochliophilin A (5-hydroxy-6,7-methylenedioxyflavone, 11), a potent attractant for zoospores of A phanom yces cochlioides, was synthesized according to the known methods [29, 30] . To the solution of 11 (43 mg) in 1 ml of l,3-dimethyl-2-imidazolidinone was added 40 mg of NaH (60%), followed by 0.5 ml of CH3I. The mixture was stirred for 24 h at room tempera ture, at which point methanol was added to de compose the excess NaH. The reaction mixture was acidified to yield 36 mg (80% yield) of the 5 -0 -methylation product (9).
2,5-Dimethoxy-p-benzoquinone
2,5-Dimethoxy-p-benzoquinone, an isomer of 10, was prepared from 2,5-dihydroxybenzoquinone as
